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Abstract 
Objective: Our objective was to evaluate the relationship between volume and 
proportion of human milk received by very low birth weight infants and developmental 
outcome at age 18-24 months.  
Methods: We studied infants born at 410-1500 grams birth weight enrolled in either the 
"Effect of Education and Lactation Counseling to Mothers Who Deliver Very Low Birth 
Weight Infants" cohort from 2001-2003 or the "Nutritional Factors and Brain Wave 
Maturation in Extremely Low Gestational Age Neonates" study cohort from 2005-2008. 
We calculated the volume of human milk and proportion of human milk in enteral 
feedings during hospitalization and evaluated its associations with the Bayley Scales of 
Infant Development-Second Edition Mental Developmental Index (MDI) and 
Psychomotor Developmental Index (PDI) at 18-24 months adjusted age. Multivariate 
analysis was conducted to control for characteristics associated with human milk 
provision and neurodevelopment.  
Results: Proportion of human milk in enteral intake during neonatal hospitalization is 
associated with higher MDI score, but not PDI score, in some models. Volume of human 
milk intake is not associated with higher MDI or PDI scores.  
Conclusion: Given the potential confounding effect of infant size on volume of enteral 
intake received during neonatal hospitalization, proportion of enteral intake consisting of 
human milk may be a useful focus of future research and intervention. 
 
Introduction 
In recent decades, survival has improved dramatically for very low birth weight 
(VLBW) neonates. However, rates of developmental impairment are much higher in 
those born VLBW than those with normal birth weight. While very preterm and/or very 
low birth weight (VPT/VLBW) children typically have IQ scores within the normal range, 
they are significantly lower than those of term counterparts. The IQ deficit is higher for 
<28 weeks’ gestation and/or <1000 g birth weight, with one study finding that extremely 
low birth weight (ELBW) children scored 12 to 17 points lower than term controls  [1]. 
Survivors of extreme prematurity of 22 to 25 weeks also have high rates of severe 
neurodevelopmental disabilities (17-59%) on short term follow-up, and high rates of 
intellectual disability in the long term [2]. This may be due to changes in brain structure 
or development. A meta-analysis of brain development of very preterm (VPT, birth at 28 
to <32 weeks’ gestation) and VLBW children found that they had significantly smaller 
brain volume in childhood and adolescence [3]. 
In children born VPT and/or VLBW, factors predictive of poorer cognitive 
development under the age of five years were male sex, nonwhite race/ethnicity, less 
parental education, lower birth weight, and neonatal brain injury [4]. VPT children are 
also at increased risk for medical complications associated with impaired 
neurodevelopment [1]. VPT children are also frequently born to families of lower socio-
economic status (SES). Lower SES is related to poorer cognitive outcome, though 
differences in IQ between VPT children and controls remain even after controlling for 
SES. For infants with lowest gestation, at highest risk, environmental factors may have 
less of an impact, as evidenced by studies of developmental interventions showing less 
impact for the most immature infants [1]. 
Exclusive or partial human milk (HM) feeding in infancy is associated with 
improved cognitive [5-10], motor and behavioral outcomes [8, 11] later in life. Some new 
research also suggests differences in brain size with increasing HM intake [12]. While 
there is ample evidence that breastfeeding is associated with improved 
neurodevelopment in term-born infants, effects of HM on neurodevelopment may differ 
in VLBW infants. In preterm infants, the value of HM for its association with reduced risk 
of VLBW-associated infections such as necrotizing enterocolitis (NEC) must be 
balanced with its association with poorer neonatal growth, which may be a risk factor for 
impaired neurodevelopment.  
 Challenges of the current literature on HM and neurodevelopment include 
varying definitions of HM exposure: duration of HM intake, type and amount of HM 
fortification, sources of HM feeding data, and types of non-HM nutrition support. Many 
studies are secondary analyses with data on HM feeding recalled retrospectively and 
thus less accurate. Because breast feeding cannot ever be randomized, observational 
studies are required, and past studies have not adequately controlled for covariates 
including perinatal complications and social and environmental factors. Studies have 
also underrepresented VLBW infants [13].  
Here we describe the relationship of HM intake and developmental outcome in a 
cohort of 219 VLBW neonates receiving varying amounts of HM during neonatal 
hospitalization. Our objective was to evaluate the relationship between volume and 
proportion of HM received and developmental outcome. We hypothesized that higher 
HM volume and HM proportion of enteral feedings would be associated with higher 
cognitive scores on the Bayley Scales of Infant Development-Second Edition (BSID-II) 
Mental Developmental Index (MDI) and Psychomotor Developmental Index (PDI) at 18-
24 months adjusted age. 
 
Methods 
Study Participants 
We studied infants enrolled in the study “Effect of Education and Lactation 
Counseling to Mothers Who Deliver Very-Low-Birth-Weight Infants” and the “Nutritional 
Factors and Brain Wave Maturation in Extremely Low Gestational Age Neonates 
Study.” Both studies were conducted at the Neonatal Intensive Care Unit (NICU), 
Forsyth Medical Center (FMC) in Winston-Salem, North Carolina, a regional referral 
center for high risk obstetrical complications. This secondary analysis includes VLBW 
infants delivered between May 2001 and March 2008 who participated in one of these 
studies. VLBW infants in the lactation counseling study were born between 700 and 
1500 grams; infants in the brain wave study were born between 24 and 27 6/7 weeks’ 
gestation (birth weights 410-1130 grams).  Both studies were approved by the 
institutional review boards (IRB) of Wake Forest School of Medicine (WFSM), FMC, and 
University of North Carolina at Greensboro. The studies initially had different exclusion 
criteria. Subjects were retrospectively removed to streamline exclusion criteria. Both 
studies excluded mothers under 16 years old or non-English speaking, and infants with 
major congenital anomalies, congenital viral infection, or seizures before 1 week of life. 
Only the lactation study additionally excluded mothers with known illicit drug use during 
pregnancy. Inclusion criteria for this secondary analysis were birth weight less than or 
equal to 1500 grams, complete enteral feeding data during hospitalization, and return 
for evaluation between 18-24 months corrected age. In cases of multiple gestation, data 
from both infants were included in analysis. 
Data Collection 
For both studies, a research assistant collected data from mothers’ and infants’ 
medical records at FMC (the birth hospital) and at Brenner Children’s Hospital at the 
Wake Forest University Baptist Medical Center in Winston-Salem, where infants 
requiring subspecialty care were transferred.  Maternal data may be seen in Table 1. 
We obtained information about educational attainment from a questionnaire completed 
by the mother or maternal report included in a medical chart.     
HM Intake 
This study used prospectively collected data on complete enteral intake (HM and 
infant formula) from birth until hospital discharge. Mothers were asked to bring milk to 
the NICU whenever they visited their infants. Infants received HM only from their 
mother. Preterm formula was given if the mother chose to formula feed or if there was 
insufficient maternal milk to meet the infant’s needs. When feeding of 100 ml/kg/day 
was achieved, HM fortifier was added, one packet per 25 ml of HM. HM fortifier was 
continued until the infant’s weight reached 2500 g or until hospital discharge. Proportion 
of HM intake of total enteral intake was calculated by dividing the volume of HM 
feedings by the total volume of enteral feedings during hospitalization. Infant formula 
intake was not initially collected for the brain wave study. To complete the enteral 
feeding data, volumes of infant formula were obtained from medical records.  
Neurodevelopment at 18-24 months 
As part of their continued medical care, infants in both studies were invited to 
return between 18-24 months corrected age for neurodevelopmental evaluations at the 
regional Child Development Services Agency (CDSA) in Winston-Salem.  This visit 
included the MDI and PDI.  Individuals who administered the MDI and PDI were trained 
by a “gold standard” expert whose ability to correctly administer and score the BSID-II 
was verified using procedures developed by the National Institute of Child Health and 
Development Neonatal Research Network. Examiners were not aware of which infants 
received HM and the quantity received. These evaluations were offered as a part of 
routine follow up after NICU discharge, so informed consent was not obtained.  
Statistical Analyses 
HM intake was measured in volume and as proportion of enteral intake. With MDI 
and PDI scores as the outcomes of interest, bivariate associations with maternal, 
perinatal, and infant characteristics were explored using Pearson correlations. From the 
bivariate analyses, variables associated with both HM exposure and MDI and PDI 
outcomes at a level of p< 0.2 were selected for inclusion in a series of multivariate 
logistic regression analyses. Using this approach, maternal demographic factors, 
perinatal factors and infant factors were entered in successive steps, and variables 
associated with the outcome at p < 0.1 were retained in subsequent models. Stata 
software (StataCorp, College Station, Texas) was used for data analyses.  
 
Results 
Figure 1 shows how we derived our study sample from two study datasets. 
Compared to those who came for follow up at 18-24 months, participants lost to follow 
up were significantly older at birth (28.65 weeks compared to 27.71 weeks, p=0.01), and 
were born at a significantly higher birth weight (1126.15 grams compared to 1033.46 
grams, p=0.006). Mothers lost to follow up were significantly less educated (p=0.003). 
They did not significantly differ in Medicaid participation, race, or sex.  
Participant characteristics may be seen in Table 1. There were 25 sets of 
multiple births: 23 sets of twins and two sets of triplets. One hundred ninety four 
mothers (89%) provided their infants with at least some HM. Twenty one infants (10%) 
received exclusively HM for their hospitalization. Participants received an average of 
54.7 (6.8-103.8) mL/kg/day of HM and an average proportion of 63.3% (10.1-97.4) HM. 
 Linear regression demonstrated that average HM volume during neonatal 
hospitalization was not a significant predictor of MDI or PDI score. HM proportion of 
enteral nutrition did not predict PDI. HM proportion was a significant predictor of MDI in 
initial linear regression, when HM proportion was measured as a continuous variable. 
However, when HM proportion was divided into equal tertiles (n=73), the relationship 
was not clearly linear, as can be seen in Table 1. Mean MDI score initially rose going 
from the lowest to the middle tertile, but fell going from the middle tertile to the highest. 
Chi square test did not find an overall significant difference in mean MDI score between 
the tertiles. Nonetheless, because the relationship between HM and MDI was not clearly 
linear, regression was conducted using HM tertiles rather than HM as a continuous 
variable. 
 As seen in Table 2, linear regression determined that in an unadjusted model 
(Model 0), tertile of HM proportion was a significant predictor of MDI score. Then, 
multiple regression models were used to control for covariates. Included in Model 1 
were covariates found in bivariate analysis to have a relationship (p<0.2) with both HM 
proportion and MDI or PDI score. Model 1 showed an attenuated association between 
HM proportion and MDI. Included in model 2 of multivariate regression were additional 
covariates associated with MDI and PDI in the literature. Adjustment for those factors 
demonstrated a further attenuated association between HM proportion and MDI. 
Secondary analyses can be seen in Table 3. Model 3 was run to control for 
antenatal factors contributing to impaired neurodevelopment. When infants with five 
minute Apgar score below 6 and infants with IVH were excluded (n=32), the relationship 
between HM proportion and MDI was strengthened. Model 4 controlled for neonatal 
morbidities with an established effect in the literature on the relationship between HM 
feeding and neurodevelopment. When infants with late sepsis, NEC, IVH grade 3 or 4 
and/or CLD were excluded (n=65), the relationship between HM proportion and MDI 
score again was strengthened. 
Model 5, not shown, examined the role of growth in the relationship between HM 
intake and neurodevelopment. Several studies of VLBW infants have found that poorer 
weight gain during hospitalization is associated with poorer neurological outcomes later 
in childhood [14-17]. A study by Vinall et al of neonates born 24 to 32 weeks gestational 
age found that impaired weight, length, and head growth were associated with delayed 
gray matter development after accounting for prenatal growth and neonatal illness [18]. 
Rozé et al introduced breastfeeding as a variable in the relationship between weight 
gain and neurodevelopment, following infants with gestational age below 33 weeks after 
classifying whether they were breast fed at discharge. Breast feeding was significantly 
associated with an increased risk of losing one weight Z score during hospitalization. 
However, breastfed infants also had decreased risk of suboptimal neurodevelopmental 
assessment at ages two and five years. This improved neurodevelopment in spite of 
suboptimal initial weight gain was termed the “apparent breastfeeding paradox” in VPT 
infants [19]. However, a shortcoming of this study was that mean birth weight and 
gestational age of HM-fed groups were significantly higher than non-HM groups [13]. 
Model 5 found that increased HM proportion was associated with a slight decrease in 
weight gain (coefficient= -0.10, p=0.136). When weight gain was included in multivariate 
analysis, it attenuated the relationship between HM tertile and MDI. In this cohort, 
(nonsignificantly) poorer growth was seen with increased HM proportion, but the 
“breastfeeding paradox” was not evident. 
 
Discussion 
Ultimately this study found that for VLBW infants, perinatal factors including 
maternal education and neonatal illness were predictive of neurodevelopment at 18-24 
months, with the effect of HM intake greatly attenuated with inclusion of those factors in 
multiple regression. When infants with perinatal morbidities were excluded, HM 
proportion did predict increased MDI score, suggesting that for infants without the 
neurodevelopmental burden of neonatal illness, interventions to increase HM as a 
proportion of enteral feedings (such as through improved lactation counseling with 
mothers, more breast pumps, or increased use of donor milk) are worthwhile in NICUs 
to improve neurodevelopment of VLBW infants.  
Despite its limited findings, this study furthers a new approach of exploring HM 
exposure as proportion of enteral intake, rather than simply as volume. This allows for 
examination of whether HM is important in even the smallest and most vulnerable 
infants; analyzing volume of HM alone ignores the fact that smaller infants receive fewer 
overall feedings, regardless of feeding composition, and that they tend to have poorer 
health outcomes and neurodevelopment. Further research is warranted using HM 
proportion. 
The few existing studies analyzing HM proportion include that by Belfort et al 
examining infants born at <30 weeks’ gestation or <1250 grams’ birth weight, in which 
the number of days on which infants received >50% HM in enteral intake from 0-28 
days of life were calculated. They found, after adjusting for age, sex, gestational age, 
social risk, neonatal illness, and neonatal weight gain, that for each additional day 
of >50% HM, gray matter brain volume was 0.11 cc greater. There was little evidence of 
associations between HM intake and Bayley scores at age two, but at age seven, IQ 
was 0.5 points higher for each additional day of >50% HM, even after adjustment for 
covariates [20]. Tanaka found that preterm infants who received >80% breast milk 
during their first month of life had significantly higher scores than formula fed infants on 
intelligence tests [21]. O’Connor et al. [7] reported higher developmental scores at 12 
months of age in preterm infants who received at least 50% HM during NICU 
hospitalization compared to those who received only preterm formula.  
In the current study, HM volume was also included (though ultimately not found 
to be significant) to explore the idea raised in recent studies of a dose-response 
relationship of HM volume during neonatal hospitalization and neurodevelopment later 
in childhood. Belfort et al observed that average daily HM volume was also associated 
with IQ score, though slightly attenuated with covariate adjustment [20]. Vohr et al also 
found increased scores on the MDI and PDI at 18 months with increased HM volume in 
infants with birth weights <1000 g: for every increase of 10 ml/kg/day there was an 
increase in the MDI and PDI of 0.6 points [8]. However, Furman et al, like the current 
study, found that HM volume in the first four weeks of life was not significantly 
associated with MDI and PDI; rather, after multivariate analysis, social risk and neonatal 
illness were the most important predictors of MDI and PDI [22]. Jacobi-Polishook et al 
also did not find an association of increased HM volume with improved 
neurodevelopment after adjustment for confounders; nor an association of longer 
duration of HM with MDI or PDI [23]. 
Additional studies have addressed duration of HM intake. Quigley et al assessed 
preterm-born children at age 5 using the British Ability Scales test. After adjustment for 
confounders including maternal education and social class, breastfeeding for at least 
two months was associated increased pattern scores. Breastfeeding for at least four 
months was associated with a four-point increase in vocabulary score [24].  
These benefits may be due to effects of HM on the developing brain. Pogribna et 
al used brain MRI with diffusion tensor imaging and found widespread differences in 
brain maturation and injury between extremely preterm infants and term controls. 
However, increased duration of HM was associated with more mature white matter 
microstructure, with a 3-4 week maturation advancement of the corpus callosum per 10 
days of HM feeding [25]. 
 Numerous studies have simply compared breast fed and formula fed infants and 
have found improved performance on assessments of neurodevelopment as late as 
eight years of age [5, 6, 26, 27]. However, a study by Pinelli et al of VLBW infants did 
not find a difference in neurodevelopmental outcomes between breastfed and formula 
fed infants. Their regression analysis found that MDI and PDI scores were most 
influenced by birth weight with, after adjustment for demographic variables, little effects 
of HM consumption [28]. 
A further consideration is the relationship between neonatal illness, HM, and 
neurodevelopment. VLBW infants are vulnerable to morbidities such as infection, NEC, 
CLD, IVH, and periventricular leukomalacia (PVL). The standardized rate of major 
neonatal morbidity in surviving infants born 500-1500 grams was 41.4% in 2005 [29]. 
Sepsis and NEC are associated with poor neurodevelopmental outcomes [30]. 
However, HM is thought to protect infants from systemic inflammation as evidenced by 
three times fewer episodes of sepsis and NEC in HM fed infants compared to formula 
fed infants [31]. HM feeding is the only modifiable clinical practice protective against 
NEC [32]. The current study found nonsignificant associations between HM tertile and 
neonatal morbidities (see Table 1) but this may have been due to sample size. 
Our study addresses important limitations seen in previous studies: unclear HM 
exposure definitions, retrospective collection of feeding data, and selection bias. Most 
studies report HM exposure as a dichotomous variable (yes/no) or using volume 
(mL/kg/day).  Using a dichotomous variable may underestimate the effect of HM 
because an infant may receive a single HM feeding and then receive formula for the 
remainder of their infancy and be classified as human milk fed.  Using HM volume as 
exposure variable may confound study findings as discussed above. We used HM 
proportion in an effort to eliminate the bias toward infants who are healthy enough to be 
fed greater volumes.   
Previous studies have been also been limited by incomplete or extrapolated 
feeding data, or were conducted for purposes other than studying the association 
between infant feeding and developmental outcomes [8].  Both of our studies have 
complete infant feeding data for each day of NICU hospitalization and the data was 
collected prospectively to study the association of HM feeding with health outcomes, 
therefore eliminating recall bias. 
This study is also unique because all infants’ mothers received standardized 
lactation counseling, associated with a high rate of HM feeding [33]. This education 
decreased the possibility of selection bias by limiting the barrier of failure to initiate milk 
expression. Selection bias may occur because breastfeeding mothers may have 
increased attentional sensitivity toward their infants [34]. Maternal responsiveness is 
associated with improved cognitive outcomes in VLBW infants [35] and attentive 
parenting is associated with increased intelligence scores in children born premature 
[34]. Some studies have found that beneficial effects of breast feeding on childhood 
intelligence disappear after controlling for home environment and SES of the family, 
suggesting that the apparent benefit of breastfeeding on cognitive function is 
confounded by sociodemographic factors associated with both [36].  
We did not collect household income but used Medicaid participation as a proxy 
for SES.  We also did not assess the home environment, which would ideally be done 
using a validated tool [13]. This limited our ability to control for socioeconomic 
differences not captured by Medicaid participation.   
 
Conclusion 
 Though this study did not find consistently significant associations between HM 
proportion and neurodevelopment in all VLBW infants, HM proportion of enteral intake 
may be a useful focus of future research and intervention. This study also suggests that 
infants without neonatal morbidities (healthier infants) may benefit more 
neurodevelopmentally from HM feeding. Therefore, mothers of infants who are not 
outwardly ill may benefit from messaging that their milk is even more important to help 
with their child’s brain development. 
Table 1: Participant Characteristics (n=219) 
 
 Tertile 1, Low 
HM 
proportion, 
n=73 
Tertile 2, 
Moderate HM 
proportion, 
n=73 
Tertile 3, 
High HM 
proportion, 
n=73 
Chi 
square 
p value 
Attribute Median (IQR) 
or Mean (SD) 
Median (IQR) 
or Mean (SD) 
Median (IQR) 
or Mean (SD) 
 
Gestational age, weeks 27.78 (2.52) 27.34 (2.32) 28.00 (1.96) 0.19 
Birth weight, grams 1013.14 
(253.18) 
1008.43 
(249.40) 
1078.82 
(233.90) 
0.37 
Days on ventilator 3 (1-13) 2 (1-15) 3 (1-9) 0.19 
Days on oxygen 31 (3-57) 36 (12-61) 34 (6-60) 0.75 
Average daily maternal milk intake at 28 
days in mL/kg/day 
0.56 (0-
12.62) 
55.82 (27.11-
81.31) 
89.23 (45.28-
104.92) 
0.03* 
Proportion of enteral intake that is maternal 
milk at 28 days 
0.04 (0-0.37) 0.86 (0.72-
0.998) 
0.997 (0.972-
1) 
<0.001* 
Average weight gain in hospital in g/kg/day 12.54 (11.10-
14.07) 
11.87 (10.55-
13.28) 
11.68 (10.20-
13.08) 
0.53 
Attribute N (Percent) N (Percent) N (Percent)  
C section delivery 48 (65.8%) 39 (53.4%) 40 (54.8%) 0.25 
Small for gestational age (SGA) 9 (12.3%) 2 (2.7%) 2 (2.7%) 0.018* 
Medicaid participant 52 (71.2%) 47 (64.4%) 28 (38.4%) <0.001* 
Maternal education 
Less than a high school diploma 
High school diploma, no degree 
College degree 
 
26 (3.6%) 
34 (46.6%) 
13 (17.8%) 
 
14 (19.2%) 
47 (64.4%) 
12 (16.4%) 
 
3 (4.1%) 
37 (50.7%) 
33 (45.2%) 
<0.001* 
Race 
White 
Black 
Hispanic 
Asian 
 
34 (46.6%) 
39 (53.4%) 
0 (0%) 
0 (0%) 
 
39 (53.4%) 
27 (37.0%) 
7 (9.6%) 
0 (0%) 
 
46 (63.0%) 
22 (30.1%) 
3 (4.1%) 
2 (2.7%) 
0.005* 
Late sepsis shown via IN2 4 (5.5%) 4 (5.5%) 7 (9.6%) 0.525 
Necrotizing enterocolitis (NEC) 5 (6.8%) 5 (6.8%) 1 (1.4%) 0.216 
Intraventricular hemorrhage (IVH) grade 3 
or 4 
4 (5.5%) 4 (5.5%) 4 (5.5%) 1.0 
Apgar score at 5 minutes less than 6 10 (13.7%) 8 (11.0%) 4 (5.5%) 0.24 
Chronic lung disease 10 (13.7%) 14 (19.2%) 17 (23.3%) 0.33 
Antenatal steroids 60 (82.2%) 67 (91.8%) 65 (89.0%) 0.19 
Sex 
Male 
Female 
 
36 (49.3%) 
37 (50.7%) 
 
31 (42.5%) 
42 (57.5%) 
 
34 (46.6%) 
39 (53.4%) 
0.71 
Outcome Median (IQR) 
or Mean (SD) 
Median (IQR) 
or Mean (SD) 
Median (IQR) 
or Mean (SD) 
 
Bayley Scales of Infant Development 
Mental Development Index (MDI) score at 
18-24 months of age 
82.82 (17.02) 90.70 (15.41) 87.99 (18.36) 0.59 
Bayley Scales of Infant Development 
Physical Development Index (PDI) score at 
18-24 months of age 
91 (76-98) 91 (83-99) 87 (75-97) 0.45 
mean (SD) was used for normally distributed variables    
 
Table 2: Tertiles of HM proportion during neonatal hospitalization and MDI and PDI 
scores at 18-24 months adjusted age 
 
Model 0: unadjusted regression between HM tertile and MDI and PDI scores 
Model 1: Adjusted for maternal education for MDI; adjusted for birth weight, maternal 
education, and 5 minute APGAR score<6 for PDI 
Model 2: Both models adjusted for maternal education, birth weight, SGA, and infant 
sex  
 
Table 3: Tertiles of HM proportion during neonatal hospitalization and MDI and PDI 
scores at 18-24 months adjusted age 
 
 Model 0,  
n=219 for MDI  
n= 217 for PDI 
Model 3 
N=187 for MDI 
N=185 for PDI 
Model 4 
N=154 for MDI 
N=152 for PDI 
 Beta 95% CI P 
value 
Beta 95% CI P 
value 
Beta 95% CI P 
value 
MDI at 
18-24 
months,  
2.58 (-0.21— 
5.37) 
0.07 2.83 (-0.15— 
5.82) 
0.06 3.59 (0.37— 
6.80) 
0.03 
PDI at 
18-24 
months,  
0.29 (-2.27— 
2.86) 
0.82 0.058 (-2.43— 
2.54) 
0.96 -0.66 (-3.51— 
2.19) 
0.65 
 
Model 0: Unadjusted 
Model 3: Adjusted for perinatal neuroimpairment: removing infants with grade 3 or 4 IVH 
and infants with a five minute APGAR score <6.  
Model 4: Adjusted for neonatal morbidities, removing infants with grade 3 or 4 IVH, 
necrotizing enterocolitis, chronic lung disease, and late sepsis  
  
 Model 0 Model 1 Model 2 
 Beta 95% CI P 
value 
Beta 95% CI P 
value 
Beta 95% CI P 
value 
MDI at 
18-24 
months, 
n=219 
2.58 (-0.21— 
5.37) 
0.07 1.42 (-1.54— 
4.38) 
0.35 1.42 (-1.57— 
4.41) 
0.35 
PDI at 
18-24 
months, 
n=217 
0.29 (-2.27— 
2.86) 
0.82 -0.85 (-3.59— 
1.88) 
0.54 -0.71 (-3.47— 
2.05) 
0.61 
Figure 1 
 
   
 
   
 
 
  
Assessed for 
Eligibility 
Enrolled in study 
n=223 
Followed up 
N=158 
Excluded 
-Mother under 18 
-Language barrier 
-Illicit drug use 
during pregnancy 
-HIV positive 
Lost to Follow Up 
n=53 
Analyzed 
n=155 
Excluded from analysis 
-Infants with congenital anomalies, 
n=3 
 
Complete HM data 
collected 
 
Withdrawn 
-Transferred to outside 
hospital, n=9 
-Died, n=7 
-Withdrawn by researchers, 
n=1 
-Incomplete data 
Assessed for 
Eligibility 
n=251 
Excluded 
-Did not meet criteria, n=21 
-Parents declined, n=88 
-Died before consent, n=19 
-Language barriers, n=6 
-Lack of custody, n=6 Enrolled in study 
n=111 
Complete HM data 
collected 
N=109 
Followed Up 
N=65 
Lost to Follow Up 
n=18 
Analyzed 
n=64 
Excluded from analysis 
-Infant with incomplete data, n=1 
Withdrawn 
-Transferred to outside 
hospital, n=3 
- Died, n=24 
- Withdrawn by 
researchers, n=1 
-Withdrawn by parent, n=2 
Effect of Education and Lactation 
Counseling to Mothers Who Deliver 
Very-Low-Birth-Weight Infants 
Nutritional Factors and Brain Wave 
Maturation in Extremely Low 
Gestational Age Neonates Study 
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